A DPCn system has as its g o a l t h e removal of s i g n a l red m d a n c y p r i o r t o t r a n s m i s s i o n by a l i n e a r p r ed i c t i o n o f t h e incoming s i g n a l w i t h a weighted combination of past signal estimates. The e r r o r i n t h e p r e d i c t i o n p r o c e s s is then quantized and t r a n s m i t t e d t o t h e r e c e i v e r .
Both d i f f e r e n t i a l p u l s e code modulation (DPCM) and adaptive predictive coding ( A P C ) system have been used somewhat s u c c e s s f u l l y f o r l o w d a t a rate d i g i t a l v o i c e t r a n s m i s s i o n .
A DPCn system has as its g o a l t h e removal of s i g n a l red m d a n c y p r i o r t o t r a n s m i s s i o n by a l i n e a r p r ed i c t i o n o f t h e incoming s i g n a l w i t h a weighted combination of past signal estimates. The e r r o r i n t h e p r e d i c t i o n p r o c e s s is then quantized and t r a n s m i t t e d t o t h e r e c e i v e r .
An i d e n t i c a l p r ed i c t i o n l o o p is used at the r e c e i v e r t o reinsert the redundancy, and hence, t o r e c o n s t r u c t t h e speech signal.
Both t h e q u a n t i z e r and p r e d i c t o r may o r may n o t b e a d a p t i v e .
The DPCM system described above does not take advantage of the fact that the incoming signal is a speech waveform. The APC system attempts to u t i l i z e t h i s i n f o r m a t i o n by s u b t r a c t i n g o u t t h e long term redmdancy prior to operating on t h e s i g n a l t o remove t h e s h o r t term redundancy via a DPCM s y s tem.
The primary goal of both systems i s t o reduce the dynamic range of the input so t h a t t h e t r a n s m i t t e d s i g n a l can be accurately quantized and encoded with the fewest nunber of bits.
Both of these systems attempt to accomplish this by pred i c t i n g t h e i n p u t s p e e c h s i g n a l by a l i n e a r combination of past speech estimates.
The key phrase i n t h e p r e c e d i n g s e n t e n c e i s ' I . . . past speech estimates". That is, both systems derive their p r e d i c t e d v a l u e from e s t i m a t e s o f p a s t s i g n a l v a l u e s , n o t t h e s i g n a l i t s e l f .
These s i g n a l estimates, which are used i n t h e p r e d i c t i o n p r o c e s s at b o t h t h e t r a n s m i t t e r and receiver, contain mwanted quantization noise. This quantization noise has been established as t h e l i m i t i n g f a c t o r on DPCM and APC systems performance, which are cons i d e r e d t o b e t h e most promising techniques prese n t l y a v a i l a b l e f o r d i g i t a l v o i c e t r a n s m i s s i o n at 6 t o 1 6 K b i t s l s e c .
The continuing research described here is concerned with the reduction or elimination of q u a n t i z a t i o n n o i s e e f f e c t s in t h e p r e d i c t i o n l o o p s of DPCM and A P C systems by t h e a p p l i c a t i o n o f o p t i m a l f i l t e r i n g methods. Two distinct approaches are being taken on each system. One approach consists o f i n s e r t i n g a K a l m a n f i l t e r t y p e a l g o r i t h m i n t h e f e e d b a c k l o o p t o o p t i m a l l y f i l t e r t h e quant i z a t i o n n o i s e o u t o f t h e s i g n a l e s t i m a t e s p r i o r t o u s i n g t h e s e v a l u e s f o r p r e d i c t i o n .
The f i l t e ri n g i s optimal in t h e s e n s e t h a t t h e mean s q u a r e e rr o r i n t h e p r e d i c t i o n o f t h e i n p u t is minimized. The above approach assumes t h a t some other procedure is being used to determine the feedback tap gains (predictor coefficients) independent of the noise f i l t e r i n g . T h i s i s , of course, possible, and i t may b e d e s i r a b l e f o r v a r i o u s r e a s o n s .
However, such an approach is suboptimal since t h e p r e d i c t o r c o e f f i c i e n t c a l c u l a t i o n and f i l t e r problems cannot be decoupled.
T h e second approach, then,
is t o augment t h e state v e c t o r w i t h t h e p r e d i c t o r c o e f f i c i e n t s
and then use an extended K a b f i l t e r type algorithm t o accomplish the predictor coefficient calculat i o n and n o i s e f i l t e r i n g s i m u l t a n e o u s l y t o minimize t h e mean square prediction error. Although this approach is optimal, i t does result in increased system cozplexity, s i n c e the dimneion of t h e a l g o r i t h m h a s now been doubled.
The f i l t e r a l g o r i t h m p a r a m e t e r s s u c h
as t h e message and o b s e r v a t i o n n o i s e v a r i a n c e s and initial conditions must b e s e l e c t e d u s i n g p h y s i c a l arguments and system sirnulatiam.
Previous experience indicates t h a t g e n e r a l l y t h e message and observation noise variances can be assumed t o b e independent, with constant variances.
However , i n cases where these assuuptione are n o t met, algor i t h m s e x i s t f o r a d a p t i v e l y i d e n t i f y i n g t h e required variances and f o r t a k i n g i n t o a c c o u n t t h e e f f e c t s o f ' s e q u e n t i a l l y c o r r e l a t e d o b s e r v a t i o n noise. If o n l y t h e o b s e m a t i o n n o i s e i s a funct i o n o f time and i f o n l y s i n g l e stage noise corr e l a t i o n is p r e s e n t , (as i n i t i a l a n a l y s e s i n d i c a t e ) a negligible increase in system complexity is required.
Preliminary performance studies have revealed t h a t i n an adaptive DPCM system operating at 12 t o 18 Kbitslsec. an increase i n s i g n a l -t o -n o i s e r a t i o (SNR) of 4 t o 5 dB is available, which would r e s u l t i n a s u b s t a n t i a l increase in v o i c e q u a l i t y from t h e e q u i v a l e n t q u a l i t y of 4 t o 5 b i t PCM t o t h e q u a l i t y o f 5 t o 6 b i t PCM. For t h e APC systems, p r e l i m i n a r y s t u d i e s i n d i c a t e t h a t e l i m i n a t i o n o f t h e q u a n t i z a t i o n n o i s e in t h e p r e d i c t i o n l o o p will produce an i n c r e a s e i n SNR of 4 t o 6 dB. This would put the speech quality of a 6 t o 8 K b i t s / s e c . APC s y s t e m i n t h e "good" to "excellent" range.
A n a l y t i c a l l y , i t c a n b e s h o r n t h a t t h e f i l t e r i n g o f t h e q u a n t i z a t i o n n o i s e i n c r e a s e s t h e improvement i n SNR provided by the prediction loop.
